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ABSTRACT 

This paper reports a study of the effects of a / 
collaborative inquiry approach to science on language minority 
students* (middle and high school) learning. This approach emphasizes 
involving the students, most of whom have had very little schooling, 
in "doing science*' in ways that scientists practice. This study 
addresses the question: To what extent do students appropriate 
collaborative scientific inquiry? The authors focus the analysis on 
changes in students* conceptual knowledge aiid use of hypotheses, 
experiments, and explanations to organize their reasoning in the 
context of two think-aloud problems. The findings indicate that at 
the beginning of the school year the students* reasoning was 
non-analytic and bound to personal experience. By contrast, at the 
end of the school year they reasoned in terms of a larger explanatory 
system; used hypotheses to organize and give directions to their 
reasoning; and demonstrated an awareness of the function of 
experimentation in producing evidence to evaluate hypotheses. 
(Author /PR) 
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Appropriating Scientihc Discourse: 
Findings from Language Minority Classrooms 



Abstract 



This paper reports a study of the effects of a collaborative inquiry 
approach to science on language minority students' (middle and high school) 
leaming. This approach .«Tiphasizes involving the students, nrK)st of whom 
have never studied science before and some of whom have had very little 
schooling of any l<ind, in "doing science" in ways that practicing scientists do. 
This study addresses the question: To what extent do students appropriate 
scientific ways of knowing and reasoning as a result of their participation in 
collaborative scientific inquiry? We focus our analysis on changes in stu- 
dents' conceptual l^nowledge and use of hypotheses, experiments, and 
explanations to organize their reasoning in the context of two think-aloud 
problems. The findings indicate that at the beginning of the school year the 
students' reasoning was non-analytic and bound to personal experience. By 
contrast, at the end of the school year they reasoned in terms of a larger 
explanatory system, used hypotheses to organize and give direction to their 
reasoning, and demonstrated an awareness of the function of experimenta- 
tion in producing evidence to evaluate hypotheses. 
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What does it mean to learn science in language 
minority classrooms? This qu estio n is more complex 
than it seems because it brings into focus a tension 
between content area leaming and English Ian* 
guage development that plagues educational pro- 
grams for language minority students. Typically, 
leaming science in language minority classrooms 
(when it is taught at all) means leaming English in the 
context of science content. Students may meimrize 
the definition of the word hypothesis but never 
experience what it means to formulate or evaluate 
one. The emphasis is squarely on leaming Encash 
vocabulary and grammar, with sdence as one means 
to that end. In undertaking the Cheche Konnen 
(which means search for knowledge in l-laitian Cre- 
ole) project three years ago , we sought to develop an 
approach to ''doing science" in language minority 
classrooms that would provide an alternative to 
conventional practice. Science, we thought, needed 
to be valued not just as a means for teaching English 
but as a way of knowing and thinking in its own right. 
In this light, language— both first and second lan- 
guages—becomes a means for constructing scien- 
tific meaning. 

We were concerned, too, by the fact that sci- 
ence is often absent altogether from bilingual and 
English as a second language programs. One 
reason for this seems to be an assumptton in the 
educattonal system about what language minority 
students can achieve and how they shouki learn. 
Language minority students are typk^ally identified in 
terms of what they don't know (e.g., English). This 
''identity,'* as Moll (in press) argues, is reflected not 
only in the fomis and foci of instruction found In 
language minority classrooms (Intellectually limited, 
with an emphasis on tow-level literacy and computa- 
tional skills'") but In the very types of questions and 
issues that gukJe bilingual education research and 
poltoy (paraphrasing Moll, how to determine lan- 
guage dominance; how tong to use the first lan- 
guage; when to mainstream students to English-only 
instmction; and what kinds of language tests to use 
in program evaluatton). 

The Cheche Konnen project attempts to ad- 
dress these concerns. In Cheche Konnen, students 



plan and cany out investigattons into phenomena in 
the natural worid (e.g., water quality, weather, hu- 
man phystotogy, and sound). The bask: kiea Is to 
involve the students, most of whom have never 
studied science t>efore and some of whom have had 
very little schooling of any kind, in doing science in 
ways that practicing scientists do. They pose their 
own questtons; plan and implement research to 
exptoro their questions; build and revise theories; 
collect, analyze, and interpret data ; and draw conclu- 
sions and make decisions based on their research 
(Rosebery, Warren, & Conant, 1989; Warren, 
Rosebery, & Conant, 1989). 

In this paper, we report a study of the effects of 
doing science on language minority students' leam- 
ing. We address the question: To what extent do the 
students appropriate scientific ways of knowing and 
reasoning?" Our analysis focuses on changes — 
from the beginning of the school year to the end— in 
students' conceptual knowledge and use of hypoth- 
eses, experiments, and explanations to organize 
their reasoning. 



A COLLABORATIVE INQUIRY APPROACH 

In Cheche Konnen, the emphasis on authentic 
scientifk: practice is realized as a forni of collabora- 
tive inquiry. This approach reflects our belief, build- 
ing on Vygotsky (1978), that robust knowledge and 
understanding are constructed socially through talk, 
activity, and interaction aix)und meaningful prob- 
lems, tasks, and tools. In collaborative inquiry, 
teachers guide and support studer/ts as they explore 
problems and define questtons that are of interest to 
them. The investigattons described in the Method 
section exemplify this process. In one, the Water 
Taste Test, students conducte'd a blind taste test to 
confirm their belief that one water fountain in the 
school, the one they always drank from, had "better 
water than the other fountains. When the results of 
their test showed that most of them actually preferred 
the water from the '^orsf fountain In the school, the 
students were shocked and suspicious of their re- 
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suits. This suspicion motivated them to conduct a 
second test with a larger sample of students. When 
their second test ainf irmed the results of the first, the 
students wanted to find out why one water fountain 
was prefered over the others. To answer this, they 
analyzed the school's water fountains for differ- 
ences along several chemical, biologicai, and physi- 
cal dimensions. 

The stages of the Water Taste Test clearly 
show how the results of one inquiry can lead to new 
questions that in turn spawn further research. The 
course of the Water Teste Test was not predeter- 
mined; rather, it grew directly out of the students' 
beliefs and questions. This Is how inquiry proceeds: 
The investigation of one question nnotivates addi* 
tlonai explorations, Initially unforeseen. For this 
reason, Cheche Konnen does not follow a set cur- 
riculum; investlgatbns evolve through the joint activ- 
ity of students and teacher. 

By pursuing their questions, students work 
toward goals that are meaningful to them and, often, 
to the larger comrrxjnity (which can encompass the 
classroom, the school, orthe outside community). In 
this way, through their own activity, students begin to 
bridge the gap that separates the school culture from 
the culture of the home and community (Heath, 
1983). In addition, by planning and Implementing 
investigations, students learn how to confront the 
kinds of ill-<iefined problems that arise in most roal 
worid (scientific and non-scientific) activity. Th^y 
leam that there are alternative investigative paths to 
a problem and that many different questions can be 
pursued at any given point. And, In^rtantly, they 
learn that there is not necessarily one solution or 
answer to a given problem. 

The value of collaborative inquiry is that it 
provides direct cognitive and social support for the 
efforts of Indivklual students (Brown & Palincsar, 
1989). Students share the responsibility for thinking 
and doing, distributing their intellectual activity so 
that the burden of managing the whole process does 
not fall to any one individual. The sharing of intellec- 
tual responsibility is particularly effective for lan- 
guage minority students because the English lan- 



guage demands of complex tasks (e.g., interviewing 
a water chemist at the local water treatment plant) 
can ovenvhelm them and even mask their tme abili- 
ties and understanding. In addition, collaborative 
inquiry creates powerful co,itexts for constmcting 
scientific meanings, for example, when students use 
data to debate the explanatory power of rival theo- 
ries. In challenging one another's thougttts and 
beliefs, students must be explicit about their mean- 
ings; thay must negotiate conflicts in belief or evi- 
dence; and they must share and synthesize their 
knowledge In order to achieve a common goal 
(Barnes & Todd, 1977; Brown & Palincsar, 1989; 
Hatano, 1981; Inagaki & Hatano, 1983). 

Finally, in Cheche Konnen, collaborative In- 
quiry Is interdisciplinary. Mathematics and language 
are essential toolsofscientifto inquiry. This stands in 
sharp contrast to traditional schooling in which sci- 
ence is separatedf rom math and the role of language 
goes unacknowledged. Mathematics mediates stu- 
dents' scientific sense-making primarily through data 
collection and analysis activities (e.g., measure- 
ment, statisttes, graphical analysis, and representa- 
tion). In Cheche Konnen investigations, students 
use mathematics in diverse ways: for example, to 
measure water flow; to represent and analyze data 
(e.g., using bar graphs, boxplots, scatterplots); and 
to design and devetop their own measurement 
Instmments. 

Language (talk, reading, and writing) plays an 
equally cmcial mediating role in collaborative inquiry 
as a systemfor thinking and talking scientifically and 
for communicating and sharing kleas. As we will 
discuss below, we conceptualize science as a dis- 
course In order to emphasize the pluralistic nature of 
literacy, the fact that over the course of a lifetime, we 
all acquire many different literacies (e.g., control over 
the discourses enacted in one's work, recreational 
activity, church or synagogue; among one's peers in 
a bar, playground, or baseball dianx)nd; in various 
educational disciplines such as linguistics, literature, 
phystos,englneering,etc.) (Gee, 1989;The Literacies 
Institute. 1989; Wan'en. Rosebery, & Conant, in 
press). When acquiring new Itteracies, we do not 
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simply leam the form of a language and then apply 
that fomito generate meanings. Rather, we team to 
use language in specific ways and situations to 
accomplish particular purposes, such as to answer 
questions in school, to tell stories at the dinner table, 
to play with peers, and so forth (Cazden, John, & 
Hymes, 1972; Gee, 1989; Heath, 1983). This is the 
heart of the perspective on language that underlies 
the Cheche Konnen approach. Through collabora- 
tive scientific inquiry, students expand their linguistic 
repertoire, in both their first and second languages, 
to encompass the discourse of science. For ex- 
ample, in Cheche Konnen investigations, students 
leam the discourse of theorizing as they make sense 
of data they have collected, and they leam scientific 
fomis of writing as they produce reports of their 
results. 

The importance of an interdisciplinary approach 
for language minority students cannot be overstated. 
It involves them directly in the kinds of purposeful, 
communicative interactions that promote genuine 
language use. Such Interactions are arguably the 
most productive contexts for language acquisition: 
for example, talking in the context of doing science 
and trying to solve a meaningful problem (Tmeba, 
Guthrie,& Au, 1981). The interdisciplinary approach 
also creates opportunities for students to use the 
languages of science and mathematics In ways that 
society at large requires: not just to read textbooks, 
but to write reports, argue theories, devetop evi- 
dence, and solve meaningful problems. 

A major goal of Cheche Konnen is to forge links 
between learning science and doing science, and 
among science, mathematics, and language. This Is 
in large part what makes it a powerful model for 
language minority students, in particular, and per- 
haps for all students. The heart of the approach Is for 
students to lormulate questions about phertomena 
that interest them; to buiki and criticize theories; to 
collect, analyze, and Interpret data; to evaluate hy- 
potheses through experimentatk>n, observation, and 
measurement; and to communicate their findings. 
Language— in the form of purposeful talk, reading, 
andwriting— and mathematics mediate each of these 
scientifto efforts. 



A SOCIOCULTURAL PERSPECTIVE ON 
SCffiNTMC LITERACY 

The Cheche Konnen approach to learning Is 
informedbyaparticularperspectiveonwhat It means 
to be, or become, scientifically literate. In Cheche 
Konnen, as noted above, scientifto literacy Is con- 
ceptualized as a discourse (Bakhtin, 1981 ; Gee, 
1989). This view of science as a discourse helps us 
to see scientific literacy not as the acquisition of 
specific facts and procedures or even as the refine- 
ment of a mental model, but as a socially and 
culturally produced way of thinking and knowing, 
with Hs own ways of talking, reasoning, and acting, its 
own norms, beliefs, and values, its own institutions, 
its shared history, and even its shared mythologies 
(Gee, 1 989; Latour, 1987; Longino,1990). Withthis 
view of scientific literacy comes the view that to 
become scientifically literate, students (and teach- 
ers, too) need to be enculturated Into the ways of 
making sense that are characteristic of scientifte 
communities. They must leam to use language, to 
think, and to act as members of a scientific oommurvty. 

This view of scientific literacy is at odds with 
that which underiles most school science practkses, 
whether In mainstream or bilingual programs. Some 
of the most forceful testimony on this point comes 
from practicing scientists. Forexample, inthefollow- 
ing quote, Sir Peter Medawar (1987), the Nobel 
Laureate, describes a scientist's view of scientific 
activity: 

Like other exploratory processes, [the sci- 
entific method] can be resolved into a dia- 
logue between fact and fancy, the actual and 
the possible; between whatcouldbetrueand 
what is in fact the case. The purpose of 
scientific enquiry is not to compilean inven- 
tory of factual information, nor to build up a 
totalitarian wodd picture of Natural Laws in 
which eveiy event that is not compulsory is 
forbidden. We should think of it rather as a 
logically articulated structure of justifiable 
beliefs about a Possible World — a story 
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which we invent and criticise md modify as 
we go along, so that it ends by being, as 
nearly as we can make it, a story about real 
life. (p. Ill) 

In this quotation, Medawar directly challenges 
some of the typical school beMs about what it 
means to be scientifically literate. Rrst, he chal- 
lenges the belief that science, at bottom, is the 
accumulation of knowledge or facts about the natural 
world. Secondly, he challenges the belief that scien- 
tists work according to a rigorously defined, logical 
method, known popularly as the Scientifk: Method. 
And thirdly, he challenges the belief that scientifk^ 
dii^course is represented unkjueiy, or even accu- 
rately, by forms of writing and talk that are thoroughly 
objective and impersonal. 

Central to Medawar's viston is an Idea of scien- 
tific activity as involving diatogue and storytelling. 
Both strike adiscordant note with conventionalclass- 
room pradtees in science. For example, with regard 
to the methods of science, we tend to confuse the 
final product of scientific activity, the journal paper 
with its clearly delineated steps and carefully argued 
togto, with the process that produced it (of. Gilbert & 
Mulkay, 1984; Latour & Woolgar. 1986). One result 
is that we teach the method of science as if there 
were only one way tn whtoh scientists actually go 
about their work. Another result is a distorted view of 
the role of both reason and imagination in science 
(Kuhn, 1977; Medawar, 1987). Medawar's insis- 
tence on the diak)gic quality of scientific activity, in 
contrast, places fact and fancy, inductton and imagi- 
natton on more equal footing. 

But what is the character of scientific sense- 
making? Medawar suggests provocatively that sci- 
entific sense-making is akin to storytelling. What 
does he mean by this? Most of our cultural assump- 
ttons about the nature of scientifk; knowledge and 
reasoning, at least those that are conveyed through 
classroom instruction— for example, that scientiffc 
knowledge is associated with certainty and is abso- 
lute-do not fit with any Mea of storytelling. What kind 
of storytelling, then, does Medawar have in mind? 

What Medawar has in mind when he equates 



scientifk: inquiry with storytelling is an activity that 
1>egins with an explanatory conjecture whtoh at once 
becomes the subject of energetk: critk^l analysis'* 
(1987, pp. 134-35). It proceeds by hunch and 
intuition, inventton and critteism; it is a process that, 
In his view, is ''outskie loQlC* (Medawar, 1987, p. 
1 29). And scientrf ic storytelling is exactly this activity 
of building explanatory structures or theoriesthrough 
hypothesizing and experimentation. Following 
Medawar, we characterizethediscouiseofstorytelling 
In science as a discourse of theorizing, one that 
grows out of a vigorously critical and iterative pro- 
cess involving, at minimum, conjecture, evidence, 
observation, experimentation, and explanation. 

For students to become literate in the ways of 
making sense that are characteristically scientifte, 
the contexts ("communities of practice'^ in which 
they learn science must reflect and support those 
sense-making practk:es (cf . Lave & Wenger, in press; 
SchoenfekJ, in press); that is, students must be 
enculturated into the ways of making sense that are 
characteristic of scientific communities. But learning 
the practtees and discourse(s) of science is a diff k^ult 
and complicated process. Students must not simply 
acquire sclentifte ways of doing, reasoning, talking, 
and valuing; they must also find ways of appropriat- 
ing scientif discourse so that it can serve their own 
sense-making purposes (Bakhtin, 1981; Cazden,1989). 

The Soviet theorist, Mikhail Bakhtin (1981), 
helps us soA 'vhy appropriatton is both so important 
and so difficurt: 

[The word in language] becomes "one's own" 
only wlien the speaker populates it with his own 
intention, his own accent, when he appropriates 
the word, adapting it to his own semantic and 
expressive intention. Prior to this moment of 
appropriation, the word . . . exists in otherpeople*s 
mouths, in other people's contexts, serving other 
people's intentions..., AndnotaUwwdsforjust 
anyone submit equally easily to this appropria- 
tion many words stubbornly resist^ others 

remain alien, sound foreign in the mouth of the 
one who 2q)piopriated them and who now speaks 
them; they cannot be assimilated into his context 
andSEdloutofit; it is as if they put themselves in 
quotation maiks against the will of the speaker. 
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Language is not a neutral medium that passes 
freely and easily into the pri vate property of the 
speaker's intentions; it is populated -oveipopu* 
lated - with the intentions of others. Expropriat- 
ing it, forcing it to submit to one's own intentions 
and accents, is a difficult and complicated pro- 
cess (pp. 293-294). 

For language nninority students, the appropria- 
tion process can be even more arduous than for 
other students; th3 distance they must travel be- 
tween discourse worlds is often far greater, owing to 
both Guttural and linguistic discontinuities (Au, 1980; 
Au& Jordan. 1981; Heath, 1983; Mohatt&Erickson, 
1980; Philips. 1972. 19&J). What makes approp^* ^- 
tlon so difficult is that discourses are inhererrtly 
Ideological; they crucially involve a set of values and 
viewpoints in temns of which one speaks, thinks» and 
acts (Bakhtin, 1981; Gee. 1989). As a result, dis- 
courses are always in conflict with one another— 
some more or less so — In their underlying assump- 
tions and values, their ways of making sense, their 
viewpoints, even th e objects and concepts with whtoh 
they are concerned. Appropriating a partksular dis» 
course, then, can be more difficuS or less difficutt 
depending on the various other discourses in whk)h 
the students (not to mention the teachers) participate. 

In the rest of this paper, we report the method 
and results of our study of the effects of the collabo- 
rative inquiry approach on students* ways of knowing 
and thinking. The data we present are both quanti- 
tative and qualitative. The object of our analysis is a 
set of problem-solving protocols administered indi- 
vklually in the fomn of interviews with the students in 
September 1988 and June 1989. 

Method 

Subjects 

Cheche Konnen was pitot-tested in two dis- 
tinctly different contexts of bilingual educatton within 
an urban public school system. One was a self- 
contained, combined classroom of seventh and eighth 
graders in a K-8 school. The other was a baste skills 
program within the general bilingual program in a 
large high school. These settings represent in micro- 
cosm many of *?ie variattons that can occur in the 



ages, skill levels, interests, and cultural and linguistic 
backgrounds of language minority students in an 
urban school system. 

The city Is a multiethnto community that has 
offered bilingual education since 1070. Currently, 
the city's public schools serve approximately 8,000 
students, of w^K)m 1 ,000 receive bilingual education. 
A somewhat larger number of the students in the 
system do not speak English at home. The city's 
bilingual populatton is diverse. To address this 
diversity, the school system offers bilingual educa- 
tion in eight languages at the elementary-middle 
scliool level (Portuguese. Spanish. Haitian Creole, 
Chinese. Korean. Hindi. Gujarati, and Vietnamese) 
and inf ive languages at the high school (Portuguese, 
Spanish. Chinese, French, and Haitian Creole). 

Seventh-Eighth Grade Classroom 

At the K-6 school, which houses the city's 
Haitian Creole bilingual program and a mainstream 
program, we worthed with a combined seventh-eighth 
grade class. The school has 390 students, one-third 
of whom are in the bilingual program. It functtons as 
an "attemative" school, offering in its mainstream 
program a nDore open-ended and inquiry-based edu- 
cattonal program than that found in most schools. 

In September, the combined seventh-eighth 
grade had seven students; by January, the number 
had grown to 20. The students in this class take their 
core academic subjects (e.g., language arts, 
mathematics, social studies) in Haitian Creole from 
their classroom teacher and instmction in English as 
a second language (ESL) from an ESL teacher. 
Academically, the students range from a few who 
function approximately two years below grade level 
to those who cannot read or write in either Haitian 
Creole or English. During the year, science was 
taught in Haitian Creole by the classroom teacherfor 
45 minutes three times a week. 

The classroom teacher is a native speaker of 
Haitian Creole and isfluent in English. She has taught 
in the bilingual program for several years. Prior to the 
1988-1989 school year, she had only occasionally 
taught science; she had nofonro! training in science. 
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High Sct\ool Basic Skills Program 

The second classroom was in a large urban 
high school. The school serves 2,700 students and 
Is comprised of several ''houses." At the time of the 
study, the bilingual program occupied its own hoijse 
and sers^ed approximately 250 students, or abc^ut 
10% of the student body. Although the number of 
language minority students at the high school has 
remained relatively stable over the last 1 0 years, the 
ethnic background of the students has changed as 
immigration patterns have changed. In 1 977, 75% Df 
the language minority students were Portuguese or 
Latino, and 25% were Haitian, Greek, or Iranian. 
Today, 42% are Haitian, 24% are Latino, 10% are 
Portuguese, and the remaining 24% are Chiner*e, 
Vietnamese, Korean, Indian, or Eritrean. 

The high school offers bilingual education that 
in many cases mirrors the cun^iculum of the regular 
rTX)nolingual program (e.g., general science, bi<y- 
ogy, earth science, basto math, pre-algebra, alge 
bra, and geometry). These classes are offered In 
French, Haitian Creole, Portuguese, Spanish, and 
Chinese. In addition, the bilingual program offers a 
baste skills program for those students whose low 
academic and literacy skills prevent them from par- 
tteipating inthe regular bilingual program. This is the 
program into which Cheche Konnen was introduced. 

The Basic Skills Program is for the academi- 
cally weakest students, those who are at greatest 
riskfordroppingoutorforschoolfailure. Some of the 
students in the program are not able to read or write 
in their native language or English, and iTtost have 
only the most aidimentary mathematics skills and no 
previous exposure to science. There were 22 stu- 
dents in the Basic Skills Program in the 1988-1989 
school year from a variety of linguistic and cultural 
backgrounds. Six language groups were repre- 
sented: Haitian Creole, Spanish, Portuguese, 
Amharic, Tigrinya, and Cape Verdean Creole. 

Four teachers worked together in the Baste 
Skills Program: two math teachers, an ESL teacher, 
and a social studies teacher. The math teachers co- 
taught science and mathematics four times a week 
during back-to-back periods of 45 minutes each. 



One of the math teachers was a native speaker of 
Haitian Creole, was fluent in English, had a working 
knowledge of Spanish, and had occastenalty taught 
science In the past. The other teacher was a native 
speaker of English, had a good working knowledge 
of Haitian Creole and Spanish, and had never taught 
science before. Neither had any formal science training. 

In this paper, we report the data from those 
students who (a) were native speakers of Haitian 
Creole,^ (b) entered class prior to November 1, 1988, 
and (c) completed the school year. Sixteen stu- 
dents met these criteria, twelve from the seventh- 
eighth grade and four from the high school Baste 
Skills Program. 

Procedure 

Students in both classes planned and carried 
out investigalions into local aquatic ecosystems 
throughout the school year. The work in the class- 
rooms was collaborative on many levels: among 
students, between teachers and students, and among 
researchers^, teachers, and students. As participant 
obsen/ers, we wori<ed directly with both classes. 
Outside of class, we also met regularly with the 
teachers to work through both conceptual and tegis- 
tteal problems in the design and devetopment of the 
inv3St!gations. 

As background to their investigations, the stu- 
dents studied aspects of the chemistry, btology, and 
ecology of local water sources. For example, they 
directly studied and evaluated such determinants of 
water quality as salinity, pH (what acids and bases 
are, how they affect the health of water, how to test 
pH, the causes and effects of acid rain), and bacteria 
(what they are, what they teok like, how to test for 
them, associated diseases and health problems); 
they analyzed mtero- and macroscopte aquatic life; 
they studied water treatment (1 teccing, chterinatten, 
desalinizatten), and so forth. The students in the 
combined seventh-eighth grade class built on this 
knowledge by designing and conducting an investi- 
gatton Into the quality of their schoors water. The 
high school students designed and canled out afield 
study of the ecotogy of a tecal pond. We describe 
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both investigations briefly below. (For a more de- 
tailed discussion and analysis of the investigi tons, 
see Wan^en et aL, 1989.) 

Water Taste Test 

Prompted by their teacher, the students in the 
combined seventh and eighth grade class investi- 
gated a belief widely held among the school's junior 
highstudents: thatthewaterfromthefountainonthe 
third floor (where the junior high is located) was 
superior to the water from the other fountains In the 
school. The teacher had noticed that the junior high 
students (both bilin^al and mainstream) refused to 
drink from the first and second floor fountains, claim- 
ing that the third floor water was superior. The 
teacher challenged her students to investigate their 
belief scientifically. Using their belief as a starting 
point, the students developed a study that evolved to 
include three stages: a class blind taste test, a junior 
high-wide blind taste test, and an analysis of the 
water in the school's fountains. 

Class blind taste test. To detemnine whether 
they actually preferred the third floor water or only 
thought they did, the students conducted a blind 
taste test of the water from the first , second , and third 
floor fountains. Neither the teacher nor the students 
knew in advance whet herthe results of the test would 
confinn or challenge the students' belief. 

As part of ttie blind taste test, the students 
collected data as to whk^h water fountain they thought 
they preferred and, after tasting the unmarked 
samples, whk^h water they actually prefenred. The 
students expected that their pre-taste test prefer- 
ence, the third floor, wouW. in their words, "win." 
They also expected the first floor water, which Is near 
the kindergarten and first grade classrooms, to re- 
ceive no votes; it was regarded as the worst water in 
the school because "all the little kkis slot^ber in it." 

When they analyzed their data, however, the 
students found that although they all saWthey pre- 
fenred drinking from the third fk>or foumain, in the 
blind tasting % of them chosethe waterf rom the first 
floor. Neither the teacher nor the students believed 
the results, although for different reasons. The 



students doubted the data because it not only con- 
tradkned their deeply held belief about the superior- 
ity of the third floor water, but it suggested that the 
water from the first floor, whteh according to their 
myth was the "worst," was prefen-ed. For her part, 
the teacher believed that there were no differences 
among the water fountains and expected each floor 
to receive approximately V3 of the votes. Therefore, 
when the first floor received a majority of the votes, 
she suspected that the students had biased the 
results by speculating about the klentities of the 
waters among themselves. This skepticism led the 
class to conduct a second experiment with a larger 
sample. 

Junior high taste test. With minimal guidance 
from their teacher, the students planned a larger 
water taste test for the rest of the juntor high. They 
deckied where to do the taste test, when, and with 
whom. They discussed the issue of water: how to 
collect it, how to hkle the identity of the sources, and, 
cmcially, how many fountains to include, decidiiig 
on the same three as before so their data wouM be 
comparable. They worried about bias in the voting 
process: what if some students voted twice? 

They conducted their taste test during lunch on 
Valentine's Day. Approximately 40 students parttei- 
pated. After collecting their data, the students 
graphed and analyzed it. They found their eariier 
results confirmed: 88% of juntor high students 
thought they prefenred the third floor water but 55% 
actually chose the first floor water. To share their 
results with the school, the seventh and eighth 
graders displayed their graphs outsMe their class- 
room, wrote reports of their findings, and composed 
an announcement for the principal to read over the 
school's public address system. 

Analysis of school water . Now the class had a 
final problem: Why was the first floor water pre- 
tended? To determine the source of the preference, 
the class embarked on an analysis of the school's 
water fountains, investigating several variables in- 
cluding bacteria and temperature. They found that 
a// the fountains in the school had unacceptably high 
levels of bacteria, and that the first floor (the one 
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most preferred) had the highest cxDunts. The class 
reported these findings to achemist atthe local water 
authority who suggestedthattheir samples had been 
contaminated. He agreed to retest the water on the 
condition that the students not share their results 
with the local newspaper. Unfortunately, the school 
year ended before the chemist was able to retest the 
school's water. 

In their analysis, the students also found that 
the waterfrom the first floor fountain was colder than 
the water from the other floors. To account for the 
observed temperature difference, they developed a 
theory that the water was naturally cooled during the 
winter nK)nths (the study was conducted in Febru- 
ary) as it sat underground in city pipes and warmed 
as it travelled from the basement to the third floor. In 
the end, they decided that temperatu re was probably 
an important factor in taste preference. 

Black's Nook Pond Study 

The Basic Skills class in the high school con- 
ducted an investigation into the ecology of a local 
pond, called Black's Nook Pond. In consultation with 
us, the aachers deckled to combine their goals for 
teaching science with their goalsfor literacy develop- 
ment and have the students design and produce a 
fiekj guide to the pond. 

The investigation started with a visit to the 
pond, which was visibly polluted. The students 
observed oil on the water's surface and discarded 
trash such as bottles and a shopping cart. The state 
of the pond concerned them because of its proximity 
(about 500 feet) to the city's drinking water reservoir. 
As a result, the class deckled to conduct a study of 
the pond's health as the basis for their fiekl gukle. 
They generated a list of questions they wanted to 
answer, including the foltowing: Was the pond 
cleaner in the past than now? Is it clean enough to 
drink? How deep is the pond at different places? Are 
there any fish? How do the fish get there? Can you 
swim in the pond? What kinds of birds live ihere? 
What kinds of animals live there? 

To investigate their questions, the class di- 
vkled into small groups, each of whk^h was respon- 
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sible for tackling one questton. One group designed 
and built tools that they used to measure the depth, 
length, and wklth of the pond. A second group 
created a profile of the air and water temperatures at 
the pond. After much discusston, they deckled to 
obtain temperature readings at different locations 
and depths within the pond in an effort to correlate 
temperature and forms of microscopic life. A third 
group analyzed the pond's chemistry, measuring its 
pH, tuitidity, and salinity. A fourth catatogued the 
plant and animal life they observed, noting the pres- 
ence of water irises, water bugs, bird life, and other 
animals, such as turtles and snakes. In class, each 
group also constmcted an aquarium from plant and 
water samples and used it to examine mtoroscopto 
life. In the end, the students used their data to 
produce the field guide. A sample page from the 
guide is given In Figure 1. 

HGUREl 

Esto es lo que escribi sobre estos aninudes. 
Este es un gusano que se mira sin d nucioscopeo. 
Es un animal pequefto que se mueve y es largo. El 
animal es de color rojo. Hay cosas pequenas 
moviendo rapido cerca del animal. 




Este animal se mira sin el microscopeo. Se mira 
comoptmtos. Esun animal pequefto negro yesta 
moviendo muy rapido. 




Estos son unos animales pequeftos que se miran 
sin el microscopeo. Se ven como puntos estos 
animalitos se mueven muy rapido. 

A sample page from the fiekJ guide written by 
students in the Bask) Skills class.^ 



Appropwaung SciENnHc Discoursb 

14 



Assessment Instruments 

We turn now to the research study. Tlie spe- 
cific question we address is this: To what extent did 
the students begin to take control of the discourse of 
science to build their own understandings of the 
world? To explore this question, we analyzed proto- 
cols from interviews conducted with the students in 
September and June for changes in what they knew 
and in how they used their knowledge to reason 
scientif icaliy. For our purposes, we were concerned 
with students' use of hypotheses, explanations, and 
experiments to organize their reasoning. This kind of 
analysis could be extended to other aspects of 
scientif k: discourse including, forexample,theuseof 
questtons, observation, evklence, argument, mod- 
els, and theories. 

To assess changes in students' scientifk^ lit- 
eracy, the students were Inten^iewed individually in 
September 1988 and June 1989 on two think-aloud 
problems. The Interviews were conducted in Hai- 
tian Creole by a fluent speaker. The problems used 
in the September and June versions of the interview 
were kientical. 

Think-Aloud Problems 

For the think-atoud problem, the students were 
asked to reason aloud about how they wouM inves- 
tigate and try to explain two ill-defined but realistk^ 
problems. One problem focused on pollution in the 
Boston Hartx)r (the "Boston Harbor" problem) and 
the other on a sudden illness in a school (the "Sbk 
KMs" problem). The Boston Hartx)r probiem was 
based on a Boston Globe newspaper report, the Sick 
Kkis problem on an arttele entitled ''Mass hysteria 
among schook:hildren: Early toss as a predisposing 
factor (Small & Nicholi, 1982). 

The problems were chosen to represent differ- 
ent degrees of transfer. The Boston Harborprobiem 
represents near transfer; it asks students to reason 
through a problem involving water contaminatton, a 
subject they studied during the scliool year. It is 
therefore a problem to whtoh they can apply directly 
knowledge they acquired in the context of the water 
quality investigation. The Sick Kkis problem repre- 
sents far transfer; the students did not study anything 
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directly relevant to it during the school year. The 
question of interest in this case is how they reason 
through a problem on a subject they have not explic- 
itly studied, that is» whether they have assumed 
enough control over scientific discourse to apply it in 
unfamiliar domains. 

The procedure was as follows. The interviewer 
explained to the student that she was going to read 
him or her a story about the Boston Hart>or or about 
what happened to some kkis one day in school. After 
reading the story, she posed some questions. A 
small set of core questions was devetoped, but the 
interviewer was instmcted to go beyond them to 
probe the students' meaning and answers. The text 
of th e two probiems and the core set of questions are 
shown in Table 1 . 

TABLE 1 

Problem 1: Boston Harbor 

I'm going to tell you a tme story; it's sort of a 
mystery. It's aboutthe Boston Harbor In the last 
few years, people have noticed thatthere is some- 
thing wrong with the water in the Harbor but no one 
linows exactly what Is wrong. 

Fishermen have noticed thatthere are fewer 
fish In the Hart)or And they have seen a lot more 
algae. People who spend time near the Harbor 
have noticed that the water looks dirty; it is brown 
and foamy. It also has garbage in it. Tin cans, 
paper, and okl food fbat in the water. Sometimes 
you can even see dead fish f bating on the waves. 

You are a famous scientist. The Mayor of 
Boston asks you to find out what is wrong with the 
water 

What is the first thing you do? 

What do you think might be wrong with the water? 

How will you find out if you are right? 

Do you have any kleas about how you couki make 

the water clean again? 

Adapted from: Tyo, L. (1988, May 16). Boston 
Hart)or: Cleaning tlie waters. The Boston GhbB. 



PAaE9 

15 



Problem 2: Sick Kids 

I'm going to tell you another tme story; it's a 
mystery, too. It's about sorm children in a school 
who get sick and, when it happened, no one knew 
what was making them siCk, 

It happened in a town around here, Just 
outside Boston, All the children in an elementary 
school were watching a play put on by the sixth 
graders. Suddenly, a boy in the play fell off the 
stage and cut his chin. He sakJ he felt sick and 
some teachers carried him to the nurse. Then a 
student watching the play got dizzy and fainted. 
Then some other students felt sick to their stom- 
achs. Suddenly, tots of students were s/c/c. 

You are a famous scientist and you live next 
door to the school. When the children get sick, the 
principal mns over to your house and asks you to 
come and find out what is making the chikJren stok. 
You agree and go to the school. 

What is the first thing you do? 
What do you think might be wrong with the chil- 
dren? 

How will you find out if you are right? 

Adaptdd from: Small, G.W., & Nicholi, A.M. (1982). 
Mass hysteria among schoolchildren: Early loss as a 
predisposing factor. Archives of General Psychiatry, 
39,721-724. 

The protocols were translated from Haitian 
Creole to English for analysis purposes.^ The stu- 
dents' responses to the Boston Hartx>r problem were 
coded for (a) specif ic content knowledge developed 
in the context of the water quality investigation, (b) 
the number of hypotheses, and (c) the number of 
experiments proposed. Their responses to the Sick 
Kids problem were coded for the number of hypoth- 
eses and experiments only; knowledge was not 
considered in this problem because the students did 
not study this or related topics during the year. The 
number of hypotheses, experiments, and appropri- 
ate uses of content knowledge were counted for the 
September and June iiiterviews, respectively. The 
interviews were coded independently by two raters 



who, before undertaking the main coding task, 
reached a high degree (95%) of agreement on two 
transcripts not included in the analyses. After cod- 
ing, the raters met to review their results. Any 
disagreements were resoh/ed through discussion. 

Content knowledge encompassed the appropri- 
ate use of concepts related to water quality or scien- 
tific methods, including reference to possible causes 
of water pollutton, explanation of their effects, vneXh- 
ods for detecting the presence of pollutants, and the 
procedures for applying these methods. As an ex- 
ample, we include the foltowing excerpt^ from a sev- 
enth grader's June interview in which we coded three 
instances of appropriate content knowledge use: (1) 
ack] as a possible pollutant; (2) a description of how 
litmus paper wort«; and (3) an explanation that too 
much acki can cause fish to die. 

Example 1: (June/Boston Harbor) 

\n\uyi\0Hmi ...are there otlier things you'd check? 

Elinor: Yes. You can look to see If It was somethinQ 
add doing that to the water, too. 

Interviewer: How do you find out if there's acid in water? 

Elinor: There's a kind of littie paper you brought to 
show us, you can leave it in [the water]. It's 
the cok)r; if Its add. you'll know accofxing to 
the way its cotored. You look to see whidi is 
the most acki and which is less add. If there 
is too much ackJ in the water killing the fish, 
you can look at that to see. 

Hypothesesv/ere defined as explanatory con- 
jectures, statements that suggest a cause for the 
situatton described in the problem. Furthermore, to 
be counted, they had to be testable, although the 
student may not actually have proposed a test. 
Hypotheses that reiterated examples (or symptoms) 
stated in the problem story were not counted. Each 
hypothesis was counted only once, regardless of the 
number of times it was articulated or rephrased. For 
instance, in Example 1 above, ackl was counted as 
one hypothesis because it was offered as a possible 
cause of dead fish and because it is testable. In 
Example 2 betow, car gas was counted, but spoiled 
food, nasty fish, and garbage were not counted 



16 



Appropriating SaENnnc Discourse 



becausethey are mentbnedinthe problem. 'Things they 
left in iTwas not oounted because it is not testable. 

Example 2: (September/Boston Harbor) 



lntarvi«w«r: 



Gu«rlin«: 



lnt«rvi«w«r: 
GuM-lin*: 



What do you think couid make the 
water like that? 

The things they left in it, like the 
spoiled food, and things, the nasty 
fish ihat died, and car gas. 
Car gas? 

And the gaitage they left in. 



In tooking at experiments, we considered sev- 
eral facets of experimentatkjn relevant to the stu- 
dents' experience during the water quality investiga- 
tion. Much of the students' exporience with experi- 
mentationconsisted of testing waterforthe presence 
of a given pollutant using commercially available 
methods (e.g., litmus paper, growing bacterial cul- 
tures). They did not have much experience with 
classical experimentation (e.g., controls and treat- 
ments). For the purpose of this analysis, therefore, 
we did not define experiments in the classical sense. 
Rather, we looked for the following kinds of evidence 
in identifying experiments in the students' protocols: 
first, that they knew when and how to apply a given 
test in relatton to a specifk) hypothesis; secondly, 
that they had the kleathat it is necessary to isolate a 
variable, even if they did not know how to do so in a 
controlled way; thirdly, that they had some notion of 
treatment (that is, of doing something to someone or 
something that will produce the expected effect). 
Clearly, if students defined more rigorous experi- 
ments, we counted them as well. 

Example 3 contains an experiment testing for 
the presence of fecal coriform bacteria. (Caroline's 
description of this experiment is a heavily context- 
dependent reference to fecal colifonm bacteria tests 
performed in class using Millipore Samplers.) In 
contrast, In Example 4, Tony does not put fonvard 
any experinients. His response to the interviewer's 
questton is an assertion of fact rather than a proce- 
dure for testing an idea. 



Example 3: (June/Boston Harbor) 

Interviewer: Can you think of another reason the fish 
might die? 

Caroline: If the water had too much fecal in it? 

Interviewer: How would you know if it had fecal in it? 

Caroiine: I'd take the water and put'it in the san)e thing 
we had to see if the water had fecal in it 
(referring to a Millipore Sampler). I wouki put 
it in, then the same (...), after that i would 
look at It 

Example 4: (September/Boston Harbor) 

Interviewer: What do you think might have made the fish 
die? 

Tony: Becausethegart>ageisapoisonforthem.(...) 
Interviewer: How would you know if it were the garbage 

that was making the foam and the fish oie? 
Tony: The garbage made the fish die. 

Interviewer: How would you make sure? 
Tony: Because fish don't eat garbage. They eat 

plants under the water. 

Results 

Inthis section we reportthe quantitative results 
forthe two problems. In the discussion folk)wing this 
section, we will consider the results from a broader, 
more qualitative perspective, examining in detail 
some of the ciianges in students' discourse from the 
beginningof theyeartothe end. The foltowing results 
focus on changes in what the students knew and in 
how they used their knowledge to reason scientifi- 
cally in terms o1 hypotheses and experiments. 

Content Knowledge 

Forthe Boston Ht rbor problem only, paired t- 
tests were perfonned to compare students' use of 
content knowledge about water quality in Septem- 
ber and June. There was a significant increase in 
the number of appropriate uses of content knowl- 
edge in the June interviews (Figure 2). The mean 
number of appropriate uses of content Icnowledge 
increased from 0.50 in September to 5.75 in June 
(t«8.72,p<.001). 
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Mean number of concepts related to water quality 
mentlonod spontaneously by students in Sep- 
tember and June interviews for Boston Harbor 
problem (t»8.72, p<.001). 

Hypotheses 

Paired t-tests were also performed on the num- 
ber of hypotheses the students generated in the 
September and June interv'ws. In both the Boston 
Harbor and Sick Kids problems, the mean number of 
hypotheses put fonvard increased significantly from 
September to June. The results for each problem are 
shown in Figure 3. For the Boston Harbor problem, 
the mean number of hypotheses increased from 1 .7 in 
Septemberto 4.2 in June (t»8.26, p<.001 ). Similarly, 
for the Sick Kids problem, the mean number of hy- 
potheses was 1.9 in September and 3.8 in June 
(t«7.3.p<.001). 
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Mean number of hypotheses prcxiuced by stu- 
dents in September and June interviews for the 
Boston Harbor and Sick Kids problems, respec- 
tively (t-8.26, p< .001 and t-7.3, p< .001). 



Experiments 

For each prcolem, we also found a significant 
increase in the mean number of experiments (see 
Figure 4) as defined in the previous section. For the 
Boston Harbor problem, the mean number of experi- 
ments proposed was .88 in September and 3 in June 
(t»7. 1 , p<.001 ). For the Sick Kicte probtem, the results 
were similar: a mean of .88 experiments in Septem- 
ber as compared with 3.6 in June (t»1 1 .0, p<.001 ). 

FIGURE 4 
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Mean number of experiments proposed by stu- 
dents in September and June interviews for the 
Boston Heritor and Sick Kids problems, respec- 
tively (t«7.1, p< .001 and t«1 1.0, p< .001). 

Ail in ail, the results suggest that the students 
Icnew more in June than in September and that they 
were better able to organize their reasoning around 
hypotheses and experiments. A closer loolc at the 
students' protocols will help us understand more 
deeply the nature of those changes and, in particular, 
whether the students were beginning to acquire 
some degree of control over scientific discourse as a 
way of thinking and talking. 

Discussion 
The foregoing results suggest that in June the 
students' reasoning had changed. But it is not easy 
to tell from such results in what ways specificaily K 
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has changed or why. From a discourse perspective, 
we want to know if, in general, the students' ways of 
talking science are different in June than in Septem- 
ber and, if so, why they are different. Specifically, 
what kinds of discourse strategies do they use to 
organize what they know into hypotheses, experi- 
ments, and explanations? 

September Interviews 

As the numerical results from tne September 
interviews attest, at the beginning of the year the 
students did not reason scientifically: They offered 
few hypotheses and even fewer experiments. But 
what do we mean when we say their reasoning was 
unscientific, that they did not talk scientif icaliy? How 
did they reason through the problems? To address 
this question, we examine the discourse strategies 
they used to answer the interviewer's questions, 
partteularly those that were intended to elicit hypoth* 
eses and experiments. 

Asked in September, "What coukJ be making 
the water like that (i.e., full of garbage, foam, dead 
fish)?" or "What couW be making the chiWren sick?", 
the students, with few exceptions, tended to respond 
with short, unelaborated, often untestable hypoth- 
eses that simply restated the phenomena included in 
the problem descriptton. 

Example 5: (September/Boston Harbor) 

lnt«rvi«w«r: What do you think might make the water like 
that? 

Marie Roee: People throwing garbage in it 
Interviewer: How would you make sure it was people? 
Marie Roee: I'd take the garbage out and tell them not to 

throw it in again. 
Interviewer: Why do you think the fish died? 
Marie Roee: Because they threw dirty things, stinky things 

In it 



Examples: (September/Sick Kids) 

Interviewer: Why do you think they all gotsick atthe same 
time? 

Laure: That's a thing. 



Interviewer: What kind of thing? 

Laure: Ah, I couki say a person, some person that 

gave them something. 

Interviewer: I don't understand. 

Laure: Anything, like give poison to make his stom- 

ach hurt 

These examples are typical of the students' 
responses. They invoke an anonynfK)us agent, 
"people,** as the cuuse of the pollution or the sudden 
illness among the schoolchiklren. Most of the hy- 
potheses they put fonward are of the "black box" 
variety: "something" they left in, a "thing," even a 
"poison" which, although semantically richerby defi- 
nition, is functionally equivalent to the other terms 
(i.e., poison makes the children sick). Not one of 
these nottons has any explanatory power. None 
therefore qualifies as a hypothesis by our definition. 

These examples suggest that the students are 
relying on two discourse strategies to address the 
interviewer's why-questions. One is to invoke anony- 
mous others (Ihey." 'Someone," "people'^ as the 
cause of the problem. Another is to treat the symp- 
toms as the cause, literally to extract items from the 
problem story itself and assert them as the cause of 
the hartor's problem ("garbage'O. And, having iden- 
tified a particular agent, however vaguely defined, the 
students do not then pursue any further analysis. It is 
as if they are saying: "You asked me a question and 
I have given you the answer. What more Is there to 
say?" In virtually every case in the September inter- 
views, the students stayed at the surface of the 
problem, treating it as if it were a text that had all the 
answers. Their job, as they saw it, was not to reason 
through the problem but simply to kx^ate and klentify 
the answers in the text. Thus, in September, it seems 
clear that the students do not have a strong sense of 
what counts as a reasonable hypothesis or explana- 
tk)n. Put more strongly, at the beginning of the year, 
the students do not have any sense at all of what a 
hypothesis is functionally, let atone formally, bi science. 

The students' text comprehensfon strategy Is 
not surprising if we conskler the kinds of woiksheet- 
and textbook-based practk^es to whk^ they are ac- 
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customed in the typical American classroom. If any- 
thing, the students' school experiences in Haiti, where 
rote recitation and menx>rization are the rule, were 
even more restrictive. These prior schooling experi- 
ences had not prepared themfor active, critical inquiry 
of the kind that is characteristic of scientific practice. 

Another strategy was also evidence in the 
September interviews. Students used the discourse 
strategy of invoking personal experietxse-^ither 
firsthand experiences or secondhand stories— 4o 
organize their answers to questions calling for ex- 
periments. In these cases, they invoked personal 
experiences as evidence to justify a particular hy- 
pothesis (cf. Michaels & Bruce, 1989). A few ex- 
amples of this kind of reasoning foltow: 

Example 7: (September/Boston Harbor) 

litt«rvi«ww: How would you find out what kind of poison 
it was? 

Elinor: t don't know what l<ind of poison it is, but what 

makes me say it is that in Haiti they used to 
drop something in the water and the fish 
would die and they said it was poison, too. 

Example 8: (September/Boston Harbor) 

Interviewer: How would you find out if you were right? 
Louis: And people might have thrown in things to Mil 

them, too. 
Interviewer: Like what? 

Louie: In Surinam there's a thing the people do, they 

leave something In the water. You need fish 
to eat row, they leave it in the water and, you 
see people don't know, but it Is they who dkl 
It. The next day you see a lot of fish and they 
go sell them. 

Interviewer: Mm. How woukl you know itwas because of 
that that the fish died? You see the fish are 
dying, you think it might be that, how wouM 
you check? 

Louie: Because the water got black... 

Example 9: (September/Sick Kids) 

Interviewer: .How wouki you know if its that [the food]? 
Marie EWe: I don't know. Sometimet when I ate here at 



school, they gave me food i didn't like, acKi it 
dkJn't..8uit my body, and i got sMc 

These examples, whteh are representative of 
the September protocx)ls, suggest that at the start of 
the year the students did not have any sense of 
experimentation as a critical, hypothesis-testing pro- 
cess. In fact, they dki not take up the interviewer's bid 
at all (see immediatelyfoliowingparagraphsforn(X)re 
on this point). Rather, the students seemed to be 
conceptualizing evidence not as data produced 
through experimentation but as information already 
known, either through personal experience or sec- 
ondhand sources. The evidence offered is not, in 
these examples, even comnrK)n knowledge; it is 
personal knowledge, plain and simple. 

The recourse to personal experience is actu- 
ally only one instance of a more general strategy for 
dealing with "How would you be sure?" questtons in 
the September interviews. This question actually 
took several forms, among them: How would you 
make sure (you ware right)? How could you checkto 
see if your idea was right? How would you know it's 
because . . . ? How couki you know it's taie? The 
intent of these questbns was to elicit experiments or 
other analytic methods (e.g., micioscopic analysis, 
obsen^atton) that couk! help in evaluating a given 
hypothesis. It also led, as we have just seen, into 
questions of evidence: What would ittoke to confirm 
or disconf inn a given hypothesis? 

The students' responses to the experiment- 
elicHatton questtons in September suggest that they 
did not interpret them in the way they were intended, 
as calling for experiments. Rather, they interpreted 
them as calling for an explanation or an assertion of 
theirknowledge: How do you know? Whydoyousay 
that? What dki the story I just told you say about this? 
Some examples follow: 

Example 10: (September/Boston Harbor) 

Johnny: lt*s because the water it dirty that 
the animals are dying. If the water 
weren't difxy, the animals woukin't 
be dying. 
(...) 



20 



Appropriating SdEKimc Discourse 



int«rvi«w«r: How would you be sun. make sure 
that its that that made the fish die? 

Johnny: Its becausa of that, because the 
water is too dirty. 

Example 11: (September/Sick Kids) 

lntMvi«WM' : OK. You said something they ate made them 
side How would you be sure it was because 
of that that they got sick? How would you 
check? How would you know? 

Louie: Because he ate something bad at home. 

Then, he might have had an Illness and the 
docior had given him a pill but he didn't take 
It. Thatmighthavecausedit, Thenhemlght 
have taken too many pills which made his 
head swim. Then he might have had a 
seizure. 

As these examples make clear (see also Ex- 
ample 4), the interpretation of the experiment-elicita- 
tion question as a call for an explanation or an 
assertson of knowledge was a favored one amon^ 
the students in September. That they are interpret- 
ing it in this way Is most clearly revealed by the way 
each one explk^itly marks his or her answer as an 
explanation. Note how in each example, the stu- 
dents use tDecause" to initiatB virtually ever>^um. 
We see this over arKi over again in the September 
protocols. Moreover, the explanations, as we have 
seen before, are drawn from the text of the problem 
story, from prior knowledge, and from nan"ative in- 
ventton. Like the students' earlier hypotheses, they 
have no explanatory power. 

A similar interpretation was ir^ evidence in the 
context of another question with which the interviews 
typically opened: 'What is the first thing you would 
do?" Several students interpreted this questton to 
mean, 'What do you think happened?** rather than 
"What woukJ you, as the scientist, do first?": 

Example 12: (September/Boston Harbor) 

Interviewer: Whats the first thing you do? 

Ezekiei: What happerted In the water, there was a 
poison in the water, so that people can't 
wash, It pu! something in the fish so they 



die. Atl the fish died because the water 
was spoiled. Because if s dirty. 

Interviewer: What kind of poison? 

Ezekiei: A poison for water, they put it in to make 
the water dirty, so aii the water will be dirty. 

Interviewer: Why would tiiey do that? 

Ezekiei: if someone wanted to kill someone, he 

needs to kill the person, he can't figure out 
In what to do it, he kills him in a water. 

Example 13: (September/Boston Harbor) 

Interviewer: What's the first thing you do...to find out 
what's wrong with the water? 

Guerline: Because... 

Interviewer: Whaf s the first thing you do? 

Guerline: They dropped nasty things in the water, 
tike gaitage...that's why the fish can't live, 
because they die. ...The water gets cSrty 
and then the fish can't live, they die. 

On first glance, putting forward an explanation 
is not necessarily an unproductive response to the 
opening question, if it is intended as a hypothesis that 
initiates further inquiry. But the language of the 
students' responses does not invite the inference 
that they are proposing a hypothesis whteh they will 
then evaluate. Rather, as we have seen in earlier 
examples, their discourse is the discourse of school. 
They are literally trying to explain what happened, as 
if they were answering a reading comprehension 
questton. Questions of the 'What happened?" vari- 
ety, it hardly needs to be noted, are anriorg the most 
prevalent kinds of questions in most school literacy 
tasks (Durkin, 1978-79). 

To summarize, then, in the September inter- 
views, students showed almost no e^'^ence that 
they understand what it means to reason scientifi- 
cally and, specifically, to put fon^ard hypotheses 
having deductive consequences that can be evalu- 
ated through experimentation. Instead, it is as if they 
have determined that the discourse context in which 
they find themselves is no different from that of most 
school tasks, in which literal comprehenston is val- 
ued over inferential reasoning and in which ques- 
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tions are asked by a knowing adult to ascertain 
whether the student knows the right answer. As we 
have seen repeatedly, the students do not adopt the 
perspective suggested to them by the interviewer in 
her introduction to the problem: 'You are a famous 

scientist What is the first thing you would do to 

find out what was wrong with the water?" Nor do they 
show any tendency to analyze the information given, 
to go beyond it, unless it is to use personal experi- 
ence as evidence for a particular belief. Rather, they 
limit the range of their thinking to what is contained 
within the problem as given. 

In contrast to everyday school discourse, the 
discourse of conjecture and experimentation calls 
for critical, analytte evaluation of given infomiatton or 
evidence: What are the symptoms? What could 
possibly explain them? How can I evaluate my 
kleas? It remains to be seen to what extent in the 
June interviews the students began to take control of 
scientif discourse. 

June Interviews 

The quantitative results reported earlier clearly 
suggest that the June interviews differ significantly 
from the September ones. In this sectton we will 
examine, again through examples of students' talk, 
changes in their knowledge and in the ways they use 
their knowledge to organize their reasoning in terms 
of hypotheses, experiments, and explanations. 

In June, the students are beginning to reason In 
terms of a larger explanatory f rameworic. They know 
more about water pollution and aquatic ecosystems 
than in September, and Ihey use that knowledge to 
generate explanations and hypotheses. In the fol- 
towing example, Marie explains how she wouki clean 
the water, describing in fairiy precise chemical detail 
how she would rkl the water of bacteria and other matter 

Example 14: (June/Boston Harbor) 
lnt«rvi«w«r: What would you do fi;8t? 
Marit: I'd dean the water. 

Interviewer: You'd dean it? How? 
Marie: LJkeyou lookforth(?j things, take the garbage 

out of the waler, you put a to block aJU 



the paper Ci-Ki stuff, then you clean the water, 
you put chemk^ products in it to clean the 
water, and you'd take all the mkmscopic life 

out 

Interviewer: What chemical products would you put in? 
Marie: Chlorine and alum, you put in the water. 

Interviewer: What would that do? 
Marie: They'd gather the little stuff, the little stuff 

would stick to the chemical products, and 

they would dean the water. 

In the example, Marie paints a chemically accu- 
rate account of how alum works in the process of 
flocculatton: It ''gatherts] the iittie stuff, the little stuff 
would sttok to the chemteal products . , . " How did 
she learn this?— From a tour of the tocal water 
treatment plant in Febnjary, whk:h was conducted in 
English by one of the plant's chemists. It is striking 
that in June— five rnonths later— she is using that 
kricwlerjge productively and spontaneously. Also 
note that M arie wasn't a^ed in t he inte rview how she 
would ciean the water; she was simply asked wh^t 
she wouki do first, it is dear from this example* wh Ich 
is one of many, that students knew more about water 
quality and treatment in June than in September. 

Students also used their newly acquired knowl- 
edge to generate hypotheses. Recall how in Sep- 
tember the students' hypotheses often repeated 
facts reported in the problem story itself. The rare 
original hypothesis was unelaborated and, more 
often than not, untestabie. In the June interviews, a 
different explanatory strateg>' emerges. Not only do 
the students put forward more testable hypotheses, 
but they begin to link them to the larger aquatk: 
ecosystem. For example, the September hypoth- 
esis that garbage caused the fish to die is elaborated 
in the June interviews of several students In terms of 
the effects of waste disposal systen^ on tocal water 
sources: 

Example 15: (June/Boston Harbor) 

Interviewer: What do you think couki make the water like 
that? 

Ijaure: Like the tNngs people flush, and like when 
you finish In the kitchen, the dirty walsr, 
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garbaoe would enter Into the water. The 
water would be contaminated and now it 
woddh't be any good for people to use. 

Interviewer: What do you think could make the fith die? 

taure: Like what comes out of the bathrooms and 
what comes from the kitchen mixed together. 
Tneyil mix together. Because there are 
certain things you use in the kitchen that fish 
don't eat(...) 

Interviewer: But, like, I don't understarvd exactly how the 

garbage kiils them. 
Uure: The garbage couki have other things In it, 

too. Chemical products could kill them too, 

maybe. 

in this representative June interview example, 
Laure— who talked about "things" in the September 
interview— kientifies waste disposal systems as a 
possible source of contamination by linking every- 
day household activities such as flushing to the 
Harbor's pollutton. What is signif toant here Is the way 
in whk^h she uses a laiger explanatory framework 
generatively to formulate her hypothesis and then to 
specify it in terms of chemteal products as a possible 
cause of the Hartx)r's pollution. Laure's response 
suggests that she is beginning to understand that 
hypotheses do not aime out of nowhere; they are not 
the product of naive c bservatton, nor are they simply 
guesses. Rather, they are informed conjectures, 
generated from a laiger conceptual framework, that 
have the power to explain observed effects. Note, 
too, how Laure no tonger ascribes the problems in 
the IHart>orto anonymous agents as she did in the 
September interview. In the June interview, ordinary 
people are responsible, or the systems that serve 
them are, not bad people or other unusual agents 
intent upon doing bad things to others. 

The largersystemf ramework was also invoked 
for other hypotheses. For example, some students 
speculated that high ackiity levels might be killing the 
fish. When asked how acid can kill fish, Elinor 
explained: 

Example 16: (June/Boston Harbor) 

Binor: The ackJ can kill if its too strong. Likeifirs 
used to living in a water that doesn't have... 



that has a little bit of acki and you leave 
something In it that is more add, it can die. 

This awareness of system was also In evi- 
dence in other parts of the June protocols. I^ter in 
her Inteiview, for example, Elinor explains how water 
couki be cleaned using a machine that filters it. The 
interviewer asks her what she wouM do with all the 
bad stuff the machine extracted from the water: 

interviewer: And what would you do with the bad stuff? 
Elinor: When you finish you'd take It out, out of the 
machine. 

Interviewer: And where woukl you put it? 

Elinor: You can't leave it on the ground, if you leave 
it on the ground, the water that, the earth has 
water underground, it will stiH spoil the water 
underground. Orwhen it rains itwill just take 
itand, when it rains, the water runs, it will take 
it and leave it in the river, in where the water 
goes in. Those things, poison things, you ' 
aren't supposed to leave it on the ground. 

Elinor's answer reveals that she has begun to 
develop a model of an integrated water system in 
which an action or event in one part of the system 
(e.g., 'Nivhen it rains") has cokisequences for other 
parts of the system (e.g., the water *^vill take it [the 
bad stuff] and leave it In the river^. 

These examples of change from Septemberto 
June are at least in part attributable to changes in the 
studer^s' knowledge base: They know more about 
water and aquatic systems than they dkJ at the 
beginning of the year. But knowledge atone cannot 
explain the fact that the students put fonvard tmre 
hypotheses and experiments in the June Sfck Kids 
interviews— a topte they did not study during the 
year. Rather, taken together, the results suggest 
that the students are doing more than acquiring 
factual knowledge; they suggest that students are 
beginning to be encuitu rated into a new discourse 
community in whtoh conjecture and experimentatton 
are characteristk: modes of inquiry. What is the 
evWence for this claim? 

In both problems in the June interviews, the 
students tendto put forward a chain of hypotheses of 
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the "if not this, then this" or the "I'd checkthis and this" 
variety. In the Sick Kids problem, they enumerate 
such possible causes as illness, air, water, andfood, 
as in the following examples: 

Example 17: (June/Sick Kids) 

lnt«rvi«w«r: What do you think might be making tha 
chlidren sick? 

Elinor: (Laughs) I'd thinkitwouid be an illness some- 
one had and he infected the ones sitting next 
to him, like one sat next to the other and got 
it an d the next got it until everybody got it. . . or 
if, something they ate, each might have eaten 
something, the same thing, the thing didn't 
agree with them. 

Example 18: (June/Sick Kids) 

Interviewer: What would you do to know what was making 
them sick? 

Marte: Lil^, you could test to see what the kids had 

eaten and, like, test the water, too. itcould be 
a water that wasn't good, that had microbes, 
that might have microscopic animals that the 
chikiren drank that made them sick. 

As you can see. the character of the students' 
hypotheses about the cause of the Sick Kids phe- 
nomenon has changed. As in the Boston HartK>r 
problem, in the June interviews they are putting 
foofl^ard testable hypotheses (e.g., illness, food, wa- 
ter), and they are not invoking outside agents to 
explain the problem. This result hokJs true for all 
sb(teen students on the Boston Harbor problem and 
for fourteen on the Sick KWs problem. Moreover, the 
conditional language (the if s," "woulds." and "coulds") 
they use contrasts sharply with the at once assertive 
yet vague language they used in the September 
interviews (e.g., 'What happened was," "Someone 
dropped something in," "Because"). What this sug- 
gests to us is that the students are becoming aware 
of the probationary status of hypotheses as a meth- 
odotogical tool in scientific inquiry. 

In summary, then, in the June interviews, the 
students go beyond the Information given to put 
forward hypotheses that are at o nee explanatory and 



testable. They are no longer bound, as in the 
Septen^r interviews, to the problem statement for 
their answers. Hypotheses now serve to give direc- 
tion to their inquiry, to link stated symptoms to 
possible causes and to confine the domain of obser- 
vation to something smaller and more precise than 
the phenomena noted In the problem. Moreover, 
there is the sense from the students' language— in 
the way they put fonvard more than one hypothesis 
and in their use of conditionals-- that they are be- 
coming aware of the tentath^e character and method- 
ological function of hypotheses; hypotheses do not 
guarantee answers but thsy do help delimit the 
scope of one's inquiry, indeed, as we shall see 
shortly, the students* June protocols suggest that 
hypotheses now function as part of a larger inquiry 
process linking conjecture and experimentatton. In 
the rest of this discusston, we focus on the ways the 
students participating in the June interviews inter- 
preted and responded to the "How wouk) you be 
sure?" questions (i.e., those that were intended to 
elicit experiments and evklence). 

Recall how in the September interviews the 
students interpreted the "How wouM you make sure/ 
How wouki you check?" and also the 'What's the first 
thing you'd do?" questtons as calling for an explana- 
tk)n based on the facts of the story as given or for an 
assertion of personal knowledge. They did not 
interpret those questtons as calling for experiments 
or other forms of analysis. In the June inten/iews, 
students respond to these questions in a distinctly 
different way, suggesting various analytic proce- 
dures and, in several cases, expltoitly linking them to 
a specific hypothesis (e.g., bacteria, waterflow): 

Example 19: (June/Boston Hartx>r) 

inttrviewer: How would you find out if what you think it 
true? 

Caroline: ... I would follow, I woukI look to see what kind 
of thing was next to the water, if there was 
water that was coming from other placet into 
the water. 

Example 20: (June/Boston Harbor) 

Inttrviewer: Whatt the firtt thing you would do? 
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LoMto: What would I ck>? I'd take the water ind I 
would tee what it has In it, if it hat, bacteria, 
I'd see If It had bacteria in it. 

In these examples, the students are now treat- 
ing the facts recounted in the problem as evidence in 
need of an explanation rather than as the explana- 
tton itself. One of the students proposes to begin her 
analysis by monitoring the flow of water into the 
Hartx)r; the other proposes to analyze the water for 
bacteria content. In both casas, the actions they 
suggest are exploratory but directed, two qualities 
that are clearly marked in their discourse through 
verb tense and seleotion: would look to see ... if 
there was water that was coming from other places 
into the water." 1 would see what it has in it . . . I'd see 
if it had bacteria in it." Given what they know about 
water systems in general and about polluted water 
systems in particular, they have an Wea— an "imagi- 
native preconception" in Medawar's (1987, p. 122) 
phrase— of what they might reasonably expect tof ind. 

Similariy, in their June responses to the ques- 
tion, "How would you check?", the students begin to 
reason in temns of experiments, in the simple sense 
we defined eariier. Most involved testing one vari- 
able without controlling for other variables, although 
several did build in explicit comparisons. In the 
following example, one student, having hypothesized 
a cause (garbage) for a reported effect (dead fish), 
then describes her experiment, the goal of which is 
to reproduce the effect (the fish die): 

Example 21: (June/Boston Harbor) 

Interviewer: Okay, but how would you nfiake sura what 

you think is true? 
Caroline: I would take a tittle garbage in the water, I 

would take a fish and then give it to it to eat 

to see if it wouki die. 
Interviewer: What It if doesn*^ die? 
Caroline: If it doesn't die, its another reason. 

What is signlf k^ant about Caroline's reasoning 
is the step forward it represents from the September 
interviews where the students had no sense of the 
critical connection between conjecture and experi- 



mentation. To be sure, sh3 stilt has some distance 
to go to refine her experimental logic. In its cun'ent 
form, it is as if the goal of her experimentation is to 
produce the expected effect, not to understand its 
cause. Nevertheless, what is clear is that, whereas 
in September, the students viewed their problem- 
based or personal knowledge-based explanations 
as sufficient evidence to explain phenomena, in June 
they seem to be deveioping some sense, if still 
incomplete, of the way in which conjecture and 
experimentation function in scientific inquiry. This is 
perhaps most evident in the last line of the example 
when Caroline acknowledges iteration as part of the 
inquiry process. Her use of iteration to generate a 
new hypothesis, "reason** is her term, is especially 
significant in light of the students' initial reactton to 
the results from the first Water Taste Test when they 
felt strongly that there was something wrong with the 
experiment but did not conskler the possibility that 
their belief itself couM be suspect. In the June 
protocol, Caroline's reasoning suggests that she is 
very much aware that hypotheses drive scientific 
inquiry and that experimentatk^n is a means for 
developing evkience. Evidence is no longer concep- 
tualized simply as infomrtation already known or 
given, as in the September interviews, but as the 
product of experimentatton undertaken to detemnine 
the value of a specific hypothesis. 

Not ail the one-variable instances were of this 
simple type, however. In a few cases, the students 
embedded the testing of variables in an iterative 
process, in whteh one variable afteranother would 
be tested until the reported effect was produced. In 
some other cases, the students went beyond this 
simple model and built contrasts into their experi- 
mental design, as in the foltowing example: 

Example 22: (June/Boston Harbor) 

Laure: I'd put a fish in fresh water and one fish in a 

water full of gari^age. I'd give the fresh water 
fish food to eatand the other one in the nasty 
water, I'd give it food to eat to see if the fresh 
water, if the one in the fresh water wouM oie 
with the food i gave it, if the one In the dirty 
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wal0r would dm with th6 food I gsm it. 

Int«rvi«w«r: Would you give tham thM tame food? What 
would you give the second one? 

Laure: The second one, yet. I would give them the 
same food to tee if the thingt they eat in tho 
water and the things i give them now, which 
will make them healthy and which wouldn't 
make them healthy. 

Interviewer: ...What do you think you woukl find? 

Laure: i see the one in the clean water might sooner 

not die than the one in the salty, tiie dirty 
water. Because I see, 1 wouldn't have some- 
thing In the dirty water and then see the one 
in the fresh water die and the other survivel 
I woukin't think that I'd thinktheone in fresh 
water has more vitamini in it than that, be- 
cause the one In the dirty water eats any 
garbage it finds under the water. The other 
one doesn't eat just anything, he only eats 
what i give him. 

In this example, Laure explicitly builds a treat- 
ment into her design to evaluate the effects of gar- 
bage; a strong notion of contrast pernr>eates her 
description (dirty watii^r versus clean wacer; garbage 
or unhealthy food versus healthy food). Moreover, 
she is quite clear on what she expects to find and 
why. Specifically, she has thought through the 
deducth/e consequences of her hypothesis and shows 
that she understands her experimental design, the 
key phrase being: The other one doesn't eat Just 
anything, he only eats what I give him." 

To summarize, in the June interviews there is a 
distinct change in the students' scientif to knowledge, 
reasoning, and discourse. They clearly show that 
they have acquired knowledge about aquatk: eco- 
systems and that they can use that knowledge pro- 
ductively for scientific inquiry. They no longer limit 
the range of their thinking to the problem as given. 
They reason in terms of a larger system where that 
system is part of their knowledge base, as in the 
Harbor problem. FurthernK)re, they use hypotheses 
to organize and give directton to their reasoning. And 
they have begun to develop a sense of the function 
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of experimentation in producing evidence to evalu- 
ate hypotheses. 

That the students have begun to acquire a new 
discourse Is perhaps most evident in the votoe they 
use as they answer the interviewer's questtons, in 
the September interviews, much of the students' 
discourse was enacted through the omniscient third 
perso n, with occasional u ses of the first person to tell 
stories from personal experience. In the June inter- 
views, incontrast, it isthefirstpersonthatdominates, 
but li is an ""I" distinctly different from the T occasion- 
ally heard in the September interviews. In June, as 
several of the preceding examples have shown, the 
"I" now functions authoritatively, that is, as the voice 
of an active problem soh/er. 

As we have tried to suggest In this paper, the 
problem of trying to make sense in science (as much 
as in other disciplines) is in many respects exactly 
this problem of finding a voic), or controlling a new 
discourse, through which one can express one's own 
intentions, knowledge, experiences, and values. As 
Cazden (1989) has suggrsted, following Bakhtin 
(1981 ), the stmggle is not just to learn new ways of 
thinking, acting, and using language but ways of 
appropriating particular discourses and the values of 
the contexts with which they are associated to one's 
own purposes. Fromtheforegoing results, we hope ^ 
it is clear that for these students, as for any students, / 
learning to tell— in Medawar's phrase— good stories 
in science is not simply a matter of mastering a 
particular syntactic or explanatory form, as is typi- 
cally emphasized in English as a second language 
instmction. Rather, learning to think and talk scien- 
tifically is a matter of understanding the approach to 
knowledge and reasoning, and the values and as- 
sumptions that science embodies, and of finding a 
way to accommodate one's purposes and values 
atongsMe those of the scientific and the school 
cultures. Authentic scientific activity, of the kind 
realized in Cheche Konnen, is a means to that end. 
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ONGOING RESEARCH 

We are continuing our investigation of scientific 
sense-making anK>ng Haitian seventh and eigtith 
graders. During the 1990-91 school year, these 
students user! traditional Haitian dmms to investi- 
gate the relationships among acoustics, mathemat- 
ics, and music. They explored the concepts of 
frequency, loudness, time, and pitch by experiment- 
ing with different sounds and studied the concept of 
ratio by listening to and analyzing different rhythms. 
The students' scientific investigation coincided with 
the production of a school play based upon a welt- 
known Haitian folktale. The young scientists pro- 
vided mu£*o for the play in the fonn of traditional 
Haitian drumming, and they prepared an exhibit on 
dmm-making and Haitian drum rhythms for display 
during the performance. 

In this study, we are focusing our analyses on 
the orchestration of classroom dialogue and joint 
activity in order to understand how students' scien- 
tifk: understanding of sound and pitch is socially and 
linguistically n^ediated. The classroom teacher has 
been an active participant in the research effort and 
has sfientthe past year working at TERC (Technical 
Educatton Research Center) while on sabbatical. 

The parttoipation of teachers is a significant 
part of the research effort. Our collaboration is 
organized around a seminar on scientific sense- 
making in whtoh we address such issues as how 
students and teachers can build a culture of authen- 
tic scientific practtoe in language minority class- 
rooms. In the senrtinar, the teachers do science; 
explore what scierice is and how scientHk: knowl- 
edge is constructed; and analyze and redefine their 
own classroom practice in relationto their workinthe 
seminar. As a group, we are analyzing the video- 
tapes from the teacher seminar and the teachers' 
classrooms to further our understanding of how 
students and teachers appropriate scientH Iq ways of 
thinking, knowing, and talking. 



NOTES 

^Latino and Portuguese students were not in- 
cluded in these analyses because of flaws in the 
June interview process. Two students, one a speaker 
of Amharic, the other a speaker of Tigrinya, were not 
interviewed. 

niie original protocols in Haitian Creole are 
available as part of the working paper on which this 
article is based (Rosebery, Warren, &Conant, 1991). 

^In all excerpts presented here, the followtng 
transcription conventions are used: 
... - pause 
(...) « uninielligible 

[ ] » text Inserted by authors for clarification 

^Translation of Spanish in Figure 1 : 

This is what I wrote about these animals. 

This is a worm tooked at without a microscope. It is 
a small animal that woyes and is tong. The animal is 
red. There are small things moving rapidly near the 
animal. 

This animal may be seen without a mk^roscope. 
They look like dots. It is a small black animal and it 
moves very fast. 

These are small animals that may be seen without a 
microscope. They look like dots and these iHtle 
animals move very fast. 
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